MicroRNA (miR)-125b has been identified as deregulated in a number of types of cancer. Previous studies have detected the expression of miR-125b in clear cell renal cell carcinoma (ccRCC) tissues by in situ hybridization and revealed that miR-125b was upregulated in ccRCC tissues, and was associated with recurrence and survival of patients with ccRCC. However, the function of miR-125b in RCC remains unclear. Thus, the expression of miR-125b was detected with quantitative polymerase chain reaction (qPCR) in 24 paired RCC and adjacent normal tissues. The result of qPCR showed that miR-125b was upregulated in RCC tissues. Furthermore, the function of miR-125b in RCC (786-O and ACHN) cells was detected by transfecting miR-125 mimic or inhibitor to upregulate or downregulate miR-125b expression. Cell proliferation assays (MTT and Cell Counting Kit-8), cell mobility assays (cell scratch and Transwell assay) and a cell apoptotic assay (flow cytometry assay) were performed to assess the function of miR-125b on RCC cells. Results from the assays demonstrated that overexpression of miR-125b could promote cell migration and invasion, and reduce the cell apoptotic rate. It was also revealed that downregulation of miR-125b could reduce cell migration and invasion, and induce cell apoptosis. However, the results of the cell proliferation assay revealed that miR-125b had no significant effect on cell proliferation. Not only could miR-125b predict recurrence and survival of ccRCC; the present study revealed that miR-125b could regulate RCC cell migration, invasion and apoptosis. Additional studies are required to determine the mechanism of miR-125b in RCC cells and define the target genes of miR-125b in RCC.
Introduction
Renal cell carcinoma (RCC) is the most common type of renal cancer, accounting for ~3% of malignancies in adults (1) . The prognosis of advanced cancer is reported to be poor, with a 5-year survival rate of 5-10% (2, 3) . RCC has no characteristic symptom, so ~30% of patients are presented with metastatic disease at the time of diagnosis. Radical nephrectomy is the primary treatment choice for patients with RCC, due to the resistance of radiotherapy and chemotherapy (4, 5) . However, 20-40% of patients developed recurrence following the curative nephrectomy (6) . Thus, it is important to find a biomarker of RCC for early diagnosis and targeted therapy based on the mechanisms of RCC tumorigenesis.
MicroRNAs (miRNAs, miRs) are a class of small non-coding RNA that regulates gene expression by targeting the 3' untranslated region (UTR) of targeted mRNAs (7) (8) (9) . Previous studies indicated that the abnormal expression of miRNA was involved in tumorigenesis with a tissue-specific expression pattern (6, 7, 10) . miRNAs have been revealed to be a potential choice of biomarker for a number of diseases, particularly tumors (10) (11) (12) . For example, miR-210 has been described as a potential biomarker for clear cell RCC (ccRCC) (11) . In addition, miRNAs may also regulate cellular processes including proliferation, apoptosis and differentiation (10) . Therefore, it is essential to identify the role of miRNAs in tumorigenesis.
Studies investigating miR-125b (also termed miR-125b-5p) demonstrated that miR-125b was deregulated in numerous types of tumor, including osteosarcoma (12) , hepatocellular carcinoma (13) and breast cancer (14) . The function of miR-125b in a number of cancer subtypes, including osteosarcoma and gastric cancer, was explored (15, 16) . In osteosarcoma, miR-125b was described as a tumor suppressor (15) , and in gastric cancer, miR-125b functions as an oncogene (16) .
Fu et al (17) detected the expression of miR-125b in ccRCC tissues by in situ hybridization (ISH) and revealed that miR-125b was upregulated in ccRCC tissues, and the expression level of miR-125b is associated with the recurrence and survival of patients with ccRCC following nephrectomy. However, the function and mechanism of miR-125b in RCC remain unclear. In the present study, quantitative polymerase chain reaction (qPCR) was performed to detect the expression of miR-125b in RCC tissues and paired adjacent normal tissues. The function of miR-125b in RCC cell proliferation, migration, invasion and apoptosis was explored.
Materials and methods
Sample collection. In total, 24 paired RCC and adjacent normal tissues were collected from Peking University Shenzhen Hospital (Shenzhen, China) between December 2012 and December 2014. Collection and the use of the tissues were reviewed and approved by the Ethics Committees of Peking University Shenzhen Hospital, and written informed consent was obtained from all the patients. The tissues were immersed in RNAlater (Qiagen GmbH, Hilden, Germany) for 30 min, and were then stored at -80˚C for further study. The adjacent normal tissues were 2 cm away from the visible RCC lesions. Following collection, the tissues were reviewed and classified by hematoxylin and eosin staining (Beyotime Institute of Biotechnology, Shanghai, China). The clinical and pathological characteristics of the patients are presented in Table I .
Cell culture and transfection. Human embryo kidney 293T cells (Type Culture Collection of the Chinese Academy of Medical Sciences, Shanghai, China), RCC 786-O and ACHN cells (both American Type Culture Collection, Manassas, VA, USA) were used in the present study. Cells were cultured in Dulbecco's modified Eagle's medium (DMEM) (Gibco; Thermo Fisher Scientific. Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (FBS) (Gibco; Thermo Fisher Scientific, Inc.), 1% antibiotics (100 µl/ml penicillin and 100 mg/ml streptomycin sulfates) and 1% glutamine, at 37˚C in a 5% CO 2 atmosphere. Synthesized miR-125b mimic or inhibitor (GenePharma, Shanghai, China) was transfected into cells with Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) mixed in Opti-MEM ® I reduced serum medium (Gibco; Thermo Fisher Scientific, Inc.) for upregulation or downregulation of miR-125b. qPCR was performed to detect the expression of miR-125b following transfection. Sequences are presented in Table II. RNA extraction, cDNA synthesis and quantitative polymerase chain reaction (qPCR). Total RNA was extracted from the tissues and cells following transfection with TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and purified with the RNeasy Maxi kit (Qiagen GmbH), according to the manufacturer's protocol. NanoDrop 2000/2000c (Thermo Fisher Scientific, Inc.) was used to detect the concentration of extracted RNA. RNA (1 µg) was used to perform reverse transcription with the miScript reverse transcription kit (Qiagen GmbH) to get cDNA. The following thermocycling conditions were used: 37˚C for 60 min and 95˚C for 5 min. qPCR was then performed with the miScript SYBR ® Green PCR kit (Qiagen GmbH) to detect the expression of miR-125b on the Roche Lightcycler 480 quantitative PCR system, following the manufacturer's protocol (Roche Diagnostics, Basel, Switzerland) 
Universal primer (miScript SYBR-Green PCR kit) and performed in triplicate. Primers used are presented in Table II . U6 was used as an internal control. Universal primer provided by the miScript SYBR Green PCR kit was used as a reverse primer of miR-125b. The following thermocycling conditions were used in the qPCR reaction: 95˚C for 1 min; 40 cycles of 95˚C for 10 sec, 55˚C for 30 sec and 70˚C for 30 sec. The expression of miR-125b was analyzed using the 2 -ΔΔCq method (18) .
Cell proliferation assay. MTT and Cell Counting Kit-8 (CCK-8) assays were performed to assess proliferative ability of 786-O and ACHN cells following transfection. In each well of a 96-well plate, ~3,000 cells were seeded and 24 h later transfected with 5 pmol miR-125b mimics, inhibitors, mimic negative control (NC) or inhibitor NC. For the MTT assay, 20 µl MTT (5 mg/ml; Sigma-Aldrich; Merck Millipore, Darmstadt, Germany) was added to the wells, which were detected at 0, 24, 48 and 72 h following transfection, and then incubated at 37˚C for 4 h. Subsequently, the mixed medium was replaced by 150 µl dimethylsulfoxide (DMSO; Sigma-Aldrich; Merck Millipore) and then agitated at 0.04 x g for 15 min at room temperature. The optical density (OD) value of each well was then evaluated using the ELISA microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA) at a wavelength of 490 nm. For the CCK-8 assay, 15 µl CCK-8 (Beyotime Institute of Biotechnology) was added to the wells, which were detected at 0, 24, 48 and 72 h post-transfection. The OD value of each well was measured at a wavelength of 490 nm 1.5 h later. The experiments were performed in triplicate and repeated at least three times. Validation of cell transfection efficiency. To quantify the expression of miR-125b in RCC cells following transfection, qPCR was performed. The results indicated that expression of miR-125b in cells transfected with miR-125b mimic was significantly 704.36 (786-O) and 926.44 (ACHN) times higher compared with cells transfected with mimic NC (P<0.001). Expression of miR-125b in cells transfected with miR-125b inhibitor was 0.18 (786-O) and 0.24 (ACHN) times higher than the cells transfected with inhibitor NC (P<0.01; Fig. 2 ).
miR-125b has no marked effect on the proliferation of renal cell carcinoma (RCC) cells. MTT and CCK-8 assays were performed to detect the proliferation of cells. The two assays revealed that overexpression or downregulation of miR-125b had no effect on RCC 786-O and ACHN cell proliferation.
The OD values of cells transfected with miR-125b mimic were not significantly different from those of cells transfected with mimic NC (P>0.05), and no significant difference was observed between the inhibitor and inhibitor NC group (P>0.05). The results are presented in Fig. 3 .
miR-125b promoted cell mobility. Transwell and cell scratch assays were performed to assess the impact of miR-125b on cell mobility. The results of the cell scratch assay are demonstrated in Fig. 4 . As presented in Fig. 4A , overexpression of miR-125b promoted the 786-O cell migratory distances by 53.93% (P<0.01), while downregulation of miR-125b reduced the migratory distances by 33.25% (P<0.01). In ACHN cells, overexpression of miR-125b promoted migratory distances by 62.59% (P<0.01), and downregulation of miR125b reduced cell migratory distances by 51.99% (P<0.01; Fig. 4B ).
The results of the Transwell assay for 786-O cells are shown in Fig. 5 . In Fig. 5A , results of the Transwell invasive assay revealed that upregulation of miR-125b promoted cell invasive ability by 91.71% (P<0.01) and downregulation of miR-125b reduced cell invasive ability by 51.43% (P<0.01). For the Transwell migratory assay, the migratory cells that were transfected with miR-125b mimic were 1.60 times higher compared with cells transfected with mimic NC (P<0.01). Migratory cells transfected with miR-125b inhibitor were 0.59 times higher compared with cells transfected with inhibitor NC (P<0.01; Fig. 5B ). In ACHN cells, the Transwell invasion assay (Fig. 6A) showed that invasive ability of cells transfected with miR-125b mimic was promoted by 52.07% (P<0.01) and reduced by 23.88% (P<0.01) for cells transfected with inhibitor compared with mimic NC or inhibitor NC. The migratory ability of cells was promoted by 56.21% (P<0.01) in the mimic group and reduced by 22.66% (P<0.01) in the inhibitor group, compared with the mimic NC or inhibitor NC group (Fig. 6B) . The results of Transwell and cell scratch assays revealed that miR-125b is associated with RCC cell mobility. miR-125b regulates cell apoptosis. Flow cytometry was performed to detect the apoptosis rate of cells following transfection. As presented in Fig. 7 , the apoptotic rate of 786-O cells transfected with miR-125b inhibitor or inhibitor NC was 30.85% vs. 20.87% (P<0.01; Fig. 7A ). The apoptotic rate of cells transfected with miR-125b mimic or mimic NC was 10.45 vs. 21.04 (P<0.01; Fig. 7B ). The apoptotic rate of ACHN cells transfected with miR-125b inhibitor was 18.30% with 7.39% for cells transfected with inhibitor NC (P<0.01; Fig. 8A ). The apoptotic rate of cells transfected with miR-125b mimic or mimic NC was 4.64 vs. 7.52 (P<0.01; Fig. 8B ). The results showed that miR-125b regulates RCC cell apoptosis.
Discussion
Deregulation of miRNAs has been detected in numerous types of cancer, including RCC and gastric cancer (11, 16) , and has been confirmed to be capable of promoting cancer initiation and progression (11) , a number of which function as oncogenes or tumor suppressors, depending on the differences of the targeted gene. The expression of miR-125b has been revealed to be deregulated in a number of types of cancer, including gastric cancer (16) , non-small-cell lung cancer (NSCLC) (19) and osteosarcoma (12) . Numerous previous studies about gene microarray in RCC revealed that miR-125b was downregulated in ccRCC tissues (20) (21) (22) . However, another study identified that miR-125b was upregulated in ccRCC by performing ISH (17) . In the present study, the expression of miR-125b in RCC tissues and paired adjacent normal tissues was detected and the results revealed that miR-125b was upregulated in RCC tissues compared with adjacent normal tissues. Further study of miR-125b indicated that overexpression of miR-125b could promote cell migration, invasion and reduce cell apoptosis, while downregulation of miR-125b inhibited cell migration, invasion and induced cell apoptosis. The results of CCK-8 and MTT assays showed that miR-125b had no effect on cell proliferation. It can be inferred that the pathway of miR-125b in RCC is associated with cell mobility and apoptosis.
Another study of miR-125b in ccRCC revealed that miR-125b is under-expressed in metastatic tumors, based on the microarray results of 18 patients (23). However, Fu et al (17) demonstrated that miR-125b was upregulated in ccRCC based on 276 samples by ISH, and higher expression of miR-125b predicted shorter survival time and a higher rate of recurrence. The two studies about miR-125b in ccRCC, including the present study, are limited, since the cases were collected from a single institute or area, which could not exclude the bias of area.
A number of studies about miR-125b indicated that miR-125b acted as a tumor suppressor in osteosarcoma, ovarian cancer, hepatocellular carcinoma (HCC) and gastric cancer (15, (24) (25) (26) . In ovarian cancer, miR-125a and miR-125b could inhibit ovarian cancer cell migration, invasion and proliferation by regulating EIF4E-binding protein 1 (24) . A study on HCC revealed that the tumor suppressive miR-125b could negatively regulate the expression of long non-coding RNA HOTTIP (25) , and low expression of miR-125b was a prognostic marker for poor disease status and outcome (13) . It was also revealed that miR-125b could suppress gastric cancer proliferation and invasion by targeting MCL1, and the low expression of miR-125b was associated with advanced clinical stage, lymph node metastases and poor clinical outcomes. Thus, miR-125b may be used as a biomarker for gastric cancer (26) . Wang et al (15) revealed that tumor suppressive miR-125b could negatively regulate osteosarcoma cell proliferation, invasion and migration, and that overexpression of miR-125b enhanced the chemosensitivity of osteosarcoma cells to cisplatin by targeting Bcl-2. Another study revealed that low expression of miR-125b in osteosarcoma predicted a poor prognosis (12) . miR-125b was also downregulated in human papillomavirus-16 (HPV-16) E6 positive esophageal cancer tissues (27) . miR-125b has the potential to be used as biomarker for diagnosis, targeted therapy or predicting prognosis.
In NSCLC, miR-125b was identified as an oncogene. Li et al (19) revealed overexpression of miR-125b promoted human NSCLC metastasis by targeting TP53INP1. Another study about miR-125b in lung cancer revealed that knockdown of miR-125b could induce apoptosis and G1/S phase arrest and inhibit the invasive ability of lung cancer cells (28) . miR-125b could also regulate kinesin light chain-2, which was upregulated in elderly patients with NSCLC, and could predict a poor clinical outcome of elderly patients with NSCLC (29) . Studies of miR-125b in breast cancer revealed that miR-125b was decreased in pre-invasive breast cancer (30) and high expression of miR-125b was associated with poor prognosis in breast cancer (31) . In colorectal cancer (CRC), the expression of miR-125b was downregulated (32) , while in patients with early colorectal neoplasia (including precancerous lesions and early CRCs) the expression of serum miR-125b was also upregulated compared with healthy controls. Therefore, miR-125b may be used as biomarker for early detection of colorectal neoplasia (33) . Thus, the expression of miR-125b in different stages of tumors varies, indicating that the role of miR-125b is constantly changing during the tumorigenesis.
miR-125b has also been shown to serve a role in numerous non-tumor diseases. For example, miR-125b was overexpressed in HPV infected cells and patients and was decreased in patients with invasive cervical carcinoma (34) . miR-125b could also protect the ethanol-induced apoptosis and embryotoxicity (35) . Due to incomplete binding with the 3'-untranslated region of target mRNA, miR-125b may serve various roles in different diseases or processes (36, 37) . miRNA may regulate different genes and serve different functions.
In conclusion, the results of the present study revealed that miR-125b was upregulated in RCC tissues and regulated RCC cell migration, invasion and apoptosis, indicating that miR-125b served a significant role in RCC. Furthermore, the pathway of miR-125b would be identified and the study for miR-125b as a biomarker would be performed.
